A rainfall simulation model based on a first-order Markov chain has been developed to simulate the annual variation in rainfall amount that is observed in Bangladesh. The model has been tested in the Barind Tract of Bangladesh. Few significant differences were found between the actual and simulated seasonal, annual and average monthly. The distribution of number of success is asymptotic normal distribution. When actual and simulated daily rainfall data were used to drive a crop simulation model, there was no significant difference of rice yield response. The results suggest that the rainfall simulation model perform adequately for many applications.
INTRODUCTION
The impact of extreme climate can have an importance for economically vulnerable farmer that far outweighs its apparent probability of occurrence. Drought and flood of various intensity occur in almost all parts of Bangladesh. Drought ofdifferent intensities occurs both in wet season (Kharif) and dry season (Rabi) . During kharif season about 0.574-1.748 million hectares of T. Aman rice crops are severely affected by drought. Rain flood occurs due to high intensity rainfall over Bangladesh. Due to inadequate drainage capacity, such rainstorm of 3-10 days duration cause localized floods that damage crops and property (Task Force Report, 1991) . Simulation modelling techniques are increasingly being used as a means of extrapolating the results of field trials and of designing and assessing agro-technology that can then be passed on to farmers. This paper describes a rainfall simulation model based on a first-order Markov chain model. The results are presented, both in terms of the rainfall simulation model and a crop growth simulation model of rice. E-mail: rajucc@citechco.net.
THE RAINFALL MODEL
A two-state Markov chain method involves the calculation of two conditional probabilities: (1) c, the probability of a wet day following a dry day, and (2)/3, the probability of a dry day following a wet day. Using a first-order Markov chain model the rainfall simulation model was developed. The model provided as input, monthly probabilities of receiving rainfall if the previous day was dry and monthly probabilities of receiving rainfall if the previous day was wet. The wet-dry probabilities are not available, it can be estimated using the average number of days of rainfall
where Pj(W/D) is the probability of rainfall of wet day after dry day in month j, P.i(W/W) is the probability of rainfall of wet day after wet day in monthj, dp is the days of rainfall in monthj and/3 is equal to 0.75 for the model. Given the initial wetdry state, the model determines stochastically if rainfall occurs. A random number (0-1) is generated and compared with the appropriate wet-dry probabilities. If the random number is less than or equal to the wet-dry probability, rainfall occurs on that day. Random number greater than the wetdry probability give no rainfall. Rainfall is modelled by using censored gamma distribution, restricted below 0.1 mm, to determine daily rainfall amounts on those days that rainfall is experienced. Daily rainfall amount is generated from skewed normal distribution using the equation (Arnold et al., 1990) . (Rahman and Alam, 1996) , and (3) 
3 where d-P1-Po. This is an asymptotic result which indicates neither the exact distribution for small n, nor the rapidity of approach to normality (Feller, 1957) . (Wilkinson, 1990 ).
THE MULTIVARIATE LOGISTIC REGRESSION TECHNIQUE
Multivariate logistic regression is used to predict dichotomous events. Let us consider P(XI, X2,..., Xk) be the probability that it is raining. Let the logistic response function P is the form (12) 1, raining Then a set of vectors Xi-(Yi, Xli, X2i, Xki), i-1,2,... ,n. To estimate the/3's, the following procedure can be used
THE CROP GROWTH MODEL A combined weather generator and crop growth model has been built ( Fig. 1 ). This is based on the EPIC model (Sharpley and Williams, 1990 (Iman and Helton, 1988; Hamby, 1994; Mckay et al., 1979; Iman and Conover, 1980; Iman et al., 1981) . (Conover, 1980 (Siegel and Castellan, 1988) .
RESULTS AND CONCLUSIONS
Estimate the model parameters from actual records and determine whether the simulated and actual records were in tolerable agreement with respect to important characteristics such as monthly, different agro-climatic seasons, annual rainfall, estimate the conditional probabilities and the probability distribution of the number success. Table I In kharif season, the total percent of simulated and actual rainfall are 79% and 81% respectively which is closely related to the result (80%) of Rahman and Alam (1996) .
The simulated result shows the distribution of number of success in asymptotic normal distribution. The following information was tabulated for (Table II) . This is especially interesting since the logistic function is approximately linear in f
for P values between 0.2 and 0.8 (Neter et al., 1989) .
The estimated values of P were then placed in the class interval. The simulation results are given in (Table III) , which gives estimated values of P against the no-rain/rain values in frequency and the relative frequency of rain. The logistic regression technique allows flexibility in deciding between areas of indicated rain or no rain. Neter et al. (1989) suggest a decision rule that no rain is predicted when the estimated value of P is less than 0.5 and rains, when it is greater than 0.5. Table III shows that if estimated P is less than 0.1, it is almost not raining. Basically this type of information is that which gives the advantages of logistic regression over a simple threshold technique.
The rainfall simulation model was tested by using multivariate logistic regression techniques (Rahman, 1999b) and also using maximum likelihood method of Markov chain rainfall model (Rahman, 1999a) . The simulated rainfall data was compared with actual rainfall data in different ways. The results of these comparisons indicate that the performance of the model is generally satisfactory. The PRCC were used to identify which were the key variables in contributing to the imprecision in predicting the outcomes. The magnitude of the PRCC (Table IV) indicates the importance of uncertainty in estimating the value of the specific variable in contributing to the imprecision. The sign of the PRCC indicates the qualitative relationship between the input variable and the output variable. The order of ranking of the variables is important which is to be considered as the key variables.
The PRCC of four of the seven parameters are statistically significant (P < 0.001) and of the remaining two, one is significant at 5% level and another at 1% level (Siegel and Castellan, 1988) . The values of the PRCC (Table IV) suggest that the uncertainties in estimating the values of four parameters are the most critical in affecting the prediction imprecision of the above ground biomass production; these four parameters are the photosynthetic active radiation, albedo, water stress factor and leaf area index. The uncertainties in estimating the values of the remaining two parameters (Table IV) are statistically significant, but are lesser importance (PRCC < 0.33) in contributing to the prediction for the above ground biomass production. The sign of the PRCC identifies the specific qualitative relationship between the input and the outcome variables. The positive value of PRCC of the variables implies that when the value of the input variable increases, the above ground biomass will also increase. The above ground biomass decreases as the leaf area index, temperature stress factor and plant water evaporation decreases. The possibilities for improving yields of rice in Bangladesh are through increased sowing density in order to increase leaf area index and capture more solar radiation and through raising harvest index. This model can easily be used for simulating other cereal crops like wheat, barley, maize, etc. by modifying the values for crop specific parameters in the crop parameter file. The model was also modified for the tropical climate of Bangladesh to analyze some management problems of rice cultivation prevailing there. The results suggested that the rainfall simulation model perform adequately for much application.
